The combination therapy with hepatitis B immunoglobulin (HBIG) and nucleoside analogue is well tolerated for the hepatitis B recipients after liver transplantation, but its cost is an important problem in these days. Here we report the efficacy of nucleoside analogue therapy following one-year course of HBIG plus nucleoside analogue after living donor liver transplantation (LDLT). Out of 103 LDLTs, we selected 14 recipients who received the post-transplant therapy against reactivation of hepatitis B virus for more than 30 months. Those were eight patients with chronic hepatitis B, three with fulminant hepatitis, and three whose donors were positive for antibody to HB core antigen (HBc). During two days after the operation, HBIG (40,000 units) was administered, and the serum level of antibody to HB surface antigen (HBs) was maintained at around 150 IU/L for one year by monthly administration of HBIG. After one year, HBIG was withdrawn. A nucleoside analogue was administered daily from just after LDLT, and it was continued up to the present. Among the 14 patients, two recipients had recurrence of hepatitis B. Three patients, including one patient with recurrence of hepatitis B, died due to hepatocellular carcinoma or its associated cirrhosis; namely, their deaths are unrelated to hepatitis B-related diseases. The remaining 11 patients are leading normal lives. In conclusion, nucleoside analogue therapy after one-year course of HBIG plus nucleoside analogue is feasible and cost-effective in preventing HBV reactivation. But the patients are still at risk of breakthrough and some patients may need continued prophylaxis with HBIG.
The combination therapy with hepatitis B immunoglobulin (HBIG) and nucleoside analogue is well tolerated for the hepatitis B recipients after liver transplantation, but its cost is an important problem in these days. Here we report the efficacy of nucleoside analogue therapy following one-year course of HBIG plus nucleoside analogue after living donor liver transplantation (LDLT). Out of 103 LDLTs, we selected 14 recipients who received the post-transplant therapy against reactivation of hepatitis B virus for more than 30 months. Those were eight patients with chronic hepatitis B, three with fulminant hepatitis, and three whose donors were positive for antibody to HB core antigen (HBc). During two days after the operation, HBIG (40,000 units) was administered, and the serum level of antibody to HB surface antigen (HBs) was maintained at around 150 IU/L for one year by monthly administration of HBIG. After one year, HBIG was withdrawn. A nucleoside analogue was administered daily from just after LDLT, and it was continued up to the present. Among the 14 patients, two recipients had recurrence of hepatitis B. Three patients, including one patient with recurrence of hepatitis B, died due to hepatocellular carcinoma or its associated cirrhosis; namely, their deaths are unrelated to hepatitis B-related diseases. The remaining 11 patients are leading normal lives. In conclusion, nucleoside analogue therapy after one-year course of HBIG plus nucleoside analogue is feasible and cost-effective in preventing HBV reactivation. But the patients are still at risk of breakthrough and some patients may need continued prophylaxis with HBIG. In general, until the mid-90s, the patients' outcome after liver transplantation for hepatitis B virus (HBV)-related liver disease was considered to be poor due to the absence of an effective prophylactic therapy (Samuel et al. 1993) . But after the introduction of hepatitis B immunoglobulin (HBIG) combined with lamivudine, the outcome of the recipients improved dramatically. However, this combination therapy still has some limitations, such as the emergence of the YMDD mutant, hepatitis B surface antigen escape mutations, and the high cost of HBIG. As for the YMDD mutant, adefovir or entecavir therapy inhibits the replication of the virus by blocking reverse transcriptase even after liver transplantation (Lo et al. 2005) . The amount of HBIG and the duration of the administration are controversial (Takaki et al. 2007) .
In this article we report our experience with nucleoside analogue therapy following a one-year course of HBIG plus lamivudine after living donor liver transplantation (LDLT).
Patients and Methods
From July 1991 to November 2006, 103 LDLTs were performed in pediatric and adult patients with end-stage liver disease in the Division of Advanced Surgical Science and Technology, Graduate School of Medicine, Tohoku University. This program was approved by the ethics committee of Tohoku University Hospital, and the patients gave their informed consent for all procedures and therapies. Donors were selected among parents, brothers or sisters and spouses on the basis of liver function tests, serological markers of hepatitis, ABO blood group, graft / recipient size matching, lymphocyte cross-matching and HLA typing. The right lobe, left lobe or the left lateral segment of the liver was transplanted.
Among the 103 cases of LDLTs, we selected 14 recipients who received the post-transplant therapy against hepatitis B virus for more than 30 months (Table 1) . Those were eight patients with chronic hepatitis B, three with fulminant hepatitis, and three recipients whose donors were positive for antibody to hepatitis B core antigen (HBc). Eight patients were treated with lamivudine, two patients received adefovir in addition to lamivudine, and four patients did not receive a nucleoside analogue before LDLT (Table 1) . HBV DNA was detected in six patients at the time of surgery. HBIG was administered everyday at the dose of 20,000 units during the operation and at the daily dose of 10,000 units for two days after it. The level of antibody to HB surface antigen (HBs) was maintained at around 150 IU / L for one year by the monthly administration of HBIG (Fig.  1) . After one year, HBIG treatment was stopped but nucleoside analogue was administered daily from just after LDLT to the present. Lamivudine was administered orally at a dose of 100 mg / body, adefovir dipivoxil was administered orally at a dose of 10 mg / body, and entecavir was administered orally at a dose of 0.5 mg / body. One of the three recipients whose donors were positive for antibody to HBc had been transplanted in 1993, but did not receive prophylactic therapy. The other two received the same prophylactic treatment as hepatitis B patients. The mean follow-up period was 68.1 months.
Tests for serum HBs, HB envelope antigen (HBe), antibody to HBs, antibody to HBe, and antibody to HBc were performed by commercially available chemiluminescent immunoassays (Abott Japan, Chiba, Japan). The serum HBV DNA level was measured using traction-mediated amplification assay (TMA) (SRL, Tokyo, Japan) or polymerase chain reaction (PCR) assay (SRL). The dynamic range of TMA and PCR assay was 3.7 to 8.7 and 2.6 to 7.6 log copies/mL, respectively.
The immunosuppressive regimen consisted of tacrolimus (TAC) or cyclosporine (CsA), methylprednisolone (MP), and mycophenolate mofetil (MMF). TAC was also administered orally 12 hours before transplantation at a dose of 0.075 mg/kg, and from postoperative day (POD) 1 at a dose of 0.1~0.2 mg/kg/day via a nasogastric tube. The MELD, model for end-stage liver disease; HCC, hepatocellular carcinoma; BA, biliary atresia; L, lamivudine; E, entecavir; A, adefovir; L>E, convert from lamivudine to entecavir. In patients no. 9 and 10, their HBV DNAs were positive for a few days before Tx. In patient no. 12, she had no prophylaxis for hepatitis B virus reactivation after LDLT. in Tohoku University Hospital. Hepatitis B immunoglobulin (HBIG) was administered at the dose of 20,000 units during the operation and at the daily dose of 10,000 units for two days on POD 1 and 2. The serum level of antibody to HBs was maintained from 100 to 150 IU / L for one year by the monthly administration of HBIG (2,000-3,000 U). One year after transplantation, HBIG administration was stopped but nucleoside analogue was continued. HBIG, hepatitis B immunoglobulin; POD, post-operative day; LDLT, living donor liver transplantation; AntiHBsAb, antibody to hepatitis B surface antigen.
TAC dose was adjusted according to plasma trough levels. CsA was also administered orally 12 hours before transplantation at a dose of 4 mg/kg, and from POD 1 at a dose of 3 mg/kg/day by 4-hour drip infusion. The CsA dose was adjusted according to plasma trough levels. MP was administered at a dose of 20 mg/kg/day intravenously during the operation, and then tapered to 1 mg/kg/day within a week. Oral administration of MMF was started 1 or 2 weeks after LDLT at a dose of 20-30 mg/kg/day. Anti-CD25Ab (basiliximab, Novartis Pharmaceuticals Corporation, Basel, Switzerland) was also given to 9 recipients. Two ABO-incompatible cases were included in this series. The immunosuppressive protocol for adult ABO-incompatible recipients was described elsewhere (Kawagishi et al. 2007 ). Briefly, Rituximab was administered as prophylactic and plasma exchange was performed to reduce the level of anti-ABO blood type antibodies. In the chronic period, most of the recipients were maintained only on TAC.
Results
Among eight recipients with cirrhosis (patients 1-8), six patients are doing well and leading normal lives, but two patients (patients 1 and 3) died (Table 1) . The clinical histories of the two patients who died are summarized below.
Patient 1, a 52-year-old man, developed a liver abscess related to biliary stenosis three years and one month after LDLT, but he did not experience HBV reactivation. Patient 3 had the recurrence of hepatitis B [HB surface antigen (+), HBV DNA (+)] in three years and one month after LDLT. YMDD mutant was detected from the patient's serum. The patient had hepatocellular carcinoma (HCC) before transplantation. The HCC was detected as a single nodule, and its tumor diameter was 5 cm without vessel invasions. The patient was administered entecavir immediately after the reactivation, and the level of HBV-DNA decreased from 6.5 to 4.7 log copies/mL. However, HCC had recurred in the liver, accompanied by metastases in the lungs, kidneys, and abdominal cavity at the time of HBV reactivation. She died four months after the reactivation of HBV. The relationship was not remarkable, she had received a liver graft from an ABO-incompatible donor, thus she had been administered a relatively high dose of immunosuppressors during the early period (i.e Rituximab, infusion therapy) after LDLT compared with the other recipients. But she never showed signs of antibody-mediated rejection.
On the other hand, no patient with fulminant hepatitis (FH) showed recurrence of hepatitis B. They are in good condition and have not presented any adverse effect of the nucleoside analogues such as thrombocytopenia, rhabdomyolysis or renal impairment.
We had three recipients whose donors were antibody to HBc positive. One recipient (patient 12), who underwent LDLT in the early 90s, did not receive HBIG prophylaxis because it was not well known that an antibody to HBc positive donor was a risk factor for hepatitis B after liver transplantation. This patient became HBs positive two years after LDLT, and the level of transaminases increased six years after LDLT, then lamivudine was administered. Emergence of a lamivudine-resistant YMDD mutant (YIDD) was detected two years after lamivudine administration, then adefovir dipivoxil was added on to lamivudine. HBV-DNA became negative, and the patient's serological HBV status was as follows: HBs positive, antibody to HBs negative, HBe negative, antibody to HBe negative, and antibody to HBc positive. The patient is leading a normal life. One patient (patient 14) died due to HCV related cirrhosis at 32 months after LDLT.
Discussion
The early experience with liver transplantation for hepatitis B virus related disease was that the majority of patients developed recurrent infection in the early postoperative period (Todo et al. 1991) . However, over the last twenty years, the improvement of specific prophylactic therapy has almost settled the problem of recurrent hepatitis B. Namely, injection of high doses of HBIG and nucleoside analogue administration have contributed to prolong the survival of HBs positive recipients so that at present this is equal to that of recipients with other primary diseases. On the other hand, this therapy is very expensive leading to poor compliance. These factors led to the development of alternative strategies of prophylactic therapy for hepatitis B.
We demonstrated here the efficacy of nucleoside analogue therapy following one -year course of HBIG in preventing hepatitis B virus reactivation after LDLT. Although the rate of nucleoside analogue resistance after liver transplantation is usually low when HBIG is concomitantly administered, it seems that the risk of recurrence increases in case of nucleoside analogue therapy even after one-year course of HBIG. But in our series, the rate of recurrence was very low during the 42 months of follow up (median follow-up period). Some other groups also reported that lamivudine monotherapy after short-term HBIG was as effective as long-term lamivudine and HBIG combination therapy (Buti et al. 2003) .
However, the risk of the viral breakthrough due to drug resistance still remains. Some authors reported after a longer follow up that hepatitis B recurred in 15% to 20% of the recipients who were switched to lamivudine monotherapy due to the emergence of the YMDD mutant (Buti et al. 2007 ). The risk of emergence of a lamivudine-resistant YMDD mutant increases with the duration of lamivudine treatment and serum HBV DNA level (Lo et al. 2005) . And the patient with HBV before transplantation has higher risks for HBV reactivation in comparison to that with receiving a liver from a donor whose antibody to hepatitis B core antigen positive. Thus, the recipient of a graft from an antibody to HBc positive donor or with fulminant hepatitis constitutes the low risk group for the emergence of the YMDD mutant. If the YMDD mutant emerges, it will be necessary to switch from lamivudine to a combination of antiviral agents that will be a greater barrier to the develop-ment of resistance than lamivudine. In a recent randomized prospective study (Angus et al. 2008) , 16 of 34 recipients receiving low-dose IM HBIG/ lamivudine prophylaxis for at least 12 months post-transplantation were switched to adefovir/ lamivudine combination therapy without HBIG, whereas the remaining recipients continued receiving the low-dose IM HBIG/ lamivudine therapy. At a median of 21 months post-switch, one of the 16 adefovir/lamivudine combination therapy without HBIG patients developed HBs positivity. Moreover, another of the 16 patients developed adefovir nephrotoxicity (Angus et al. 2008 ). This alternative prophylaxis saves costs significantly and improves the recipient's quality of life; however, it requires a prolonged follow-up period, further observation on the HBV breakthrough and adverse effects. In Japan, entecavir is the first line nucleoside analogue for the treatment of chronic hepatitis B because of its low rate of resistance; moreover, it is safe and effective for the treatment of Japanese adults with lamivudine-refractory chronic hepatitis B (Suzuki et al. 2008) . In the field of liver transplantation, entecavir is expected to become the first line nucleoside analogue in the near future. In our series we are using entecavir for prophylaxis in one recipient and he has not shown signs of resistance so far. But the risk of developing multi-drug resistance with nucleoside and nucleotide antiviral agents should be always a concern.
The level of antibody to HBs titer after liver transplantation is also controversial. Historically, the maintenance dose of antibody to HBs was more than 500 IU/L or 1,000 IU / L in the early period of post-transplantation, and an antibody to HBs titer >100 IU/L was usually recommended for lifelong maintenance (Roche and Samuel 2004) . But its high cost and the patient's inconvenience cannot be ignored. The annual cost reduction of the second year after LDLT under our protocol is around 12,000 USD compared to the combination therapy. Our study offers a reliable and costeffective means for controlling HBV recurrence after LDLT, although the number of recipients is limited and more prospective studies are warranted.
Vaccination is a promising measure in some situations. For instance, if a recipient achieves an antibody to HBs response, thus eliminating the need for continued HBIG. In some reports, between 60% and 80% of recipients achieved an antibody to HBs titer of more than 10 IU/L following cessation of HBIG and active immunization with one to three courses of triple vaccination with recombinant IM HBV vaccine (Sánchez-Fueyo et al. 2000; Albeniz Arbizu et al. 2003) . And another report revealed that after three vaccinations within six months, six out of 11 recipients (54.5%) showed seroconversion and were set free from HBIG (Soejima et al. 2007) . However, other studies with a second generation vaccine (Yamashiki et al. 2009 ) or the conventional HBs vaccine with concomitant HBIG administration (Rosenau et al. 2007) failed to accelerate antibody to HBs production. In our series three recipients underwent conventional HBs vaccination during the nucleoside analogue monotherapy, none of them achieved a high antibody to HBs titer. Hepatitis B vaccination for LDLT recipients is still controversial and remains experimental.
In conclusion, nucleoside analogue therapy after oneyear course of HBIG plus nucleoside analogue is feasible and cost-effective in preventing HBV reactivation. But the patients are still at risk of breakthrough and some patients may need continued prophylaxis with HBIG.
